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Abstract 
The aim of this paper was to determine the content of vasoactive biogenic amines in Sremski kulen and Sremska kobasica and to 
estimate hygienic conditions and good manufacturing practice (GMP) according to proposed criteria. Formation of dansyl 
chloride derivatizated vasoactive amines were determined using HPLC–DAD. Tryptamine (47.6; 34.2 mg/kg), histamine (16.1; 
6.42 mg/kg) and tyramine (95.1; 45.2 mg/kg) were detected in both investigated type of traditional dry fermented sausages while 
phenylethylamine was not detected. Total content of vasoactive amines did not exceed the sum (200 mg/kg) proposed as a 
possible indicator of hygienic conditions and GMP in sausage production. 
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1. Introduction 
The vasoactive amines (histamine, tryptamine, phenylethylamine and tyramine) are biologically active amines 
which possess an important physiological role in human due to their vasoactive and psychoactive properties. Also, 
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these compounds are a food poisoning hazard since intake of foods with their high concentration may cause a 
chemical intoxication1,2,3,4,5.  
Eerola et al.6, proposed that the sum of vasoactive biogenic amines (tyramine, histamine, tryptamine, 
phenylethylamine) as a possible indicator of hygienic conditions and good manufacturing practice (GMP) in the 
sausage production, should not exceed 200 mg/kg6. 
Sremski kulen and Sremska kobasica are traditional dry fermented sausages, which have been produced for 
centuries in Srem region, Province of Vojvodina (Northern Serbia). Because of their specific and recognizable 
quality, both of these products are protected according to Serbian legislation as PDO (protected designation of 
origin). Both types of sausages are produced in the traditional manner, according to original recipes, without the use 
of chemical additives and microbial starters during the winter period when temperatures are around 0°C and lower7. 
The composition of raw mixtures (protein/fat ratio) and the diameter of the natural casings used (pig appendix vs. 
pig small intestine), make the main difference between these sausages.  
The aim of this study was to determine the content of tryptamine, phenylethylamine, histamine and tyramine in 
Sremski kulen and Sremska kobasica and to estimate hygienic conditions and GMP according to proposed criteria.  
2. Materials and methods 
2.1. Samples  
For both selected type of product, Sremski kulen and Sremska kobasica, sausages were collected from several 
different manufacturers during the 2014 season.  
2.2. Determination of vasoactive amines 
Vasoactive amines were determined following the high-performance liquid chromatography. Sample extraction 
and derivatization were performed according to Eerola et al.6. HPLC analysis was performed by using a liquid 
chromatograph (Agilent 1200 series), equipped with a diode array detector (DAD), Chemstation Software (Agilent 
Technologies), a binary pump, an online vacuum degasser, an auto sampler and a thermostated column 
compartment, on an Agilent, Eclipse XDB-C18, 1.8 μm, 4.6 x 50 mm column8. 
2.3. Statistical analysis 
One way (ANOVA), Post-hoc (Duncan test) was performed using the software package Statistica 12.0. 
Differences were considered significant at p < 0.05. 
3. Results and discussion 
It is well known that dry fermented sausages can be rich in vasoactive amines because during the ripening 
process, activity of the microbiota present causes decarboxylation of amino acids1,2,6. Total content of vasoactive 
amines and content of tryptamine, phenylethylamine, histamine and tyramine in traditional dry fermented sausages 
Sremski kulen and Sremska kobasica are presented in Table 1. 
Table 1. Tryptamine, phenylethylamine, histamine, tyramine and total vasoactiveamine (mg/kg) content in Sremski kulen and Sremska kobasica. 
Traditional 
sausages Tryptamine Phenylethylamine Histamine Tyramin 
Total vasoactive 
amines 
Sremski kulen 47.6b n.d.ns 16.1b 95.1b 159.0b 
Sremska kobasica 34.2a n.d.ns 6.42a 45.2a 85.8a 
a - d Means within the same column with different superscript letters are different (p < 0.05). 
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Tryptamine, histamine and tyramine were detected in both investigated types of traditional dry fermented 
sausages Sremski kulen and Sremska kobasica but phenylethylamine was not detected in either of them. As can be 
seen from Table 1, the content of all vasoactive amines, except phenylethylamine, as well as the total content of 
vasoactive amines, were significantly higher (p < 0.05) in the samples of Sremski kulen than in the samples of 
Sremska kobasica.  
The prevailing vasoactive amine in both examined traditional dry fermented sausages was tyramine, as it is in 
most other fermented sausages2,4,9. 
Histamine, well known for its toxity and the only biogenic amine whose content is subjected to legal regulation 
were detected in both, Sremski kulen (16.1 mg/kg) and Sremska kobasica (6.42 mg/kg). According to European 
Union regulation10, the upper limit in some fish species is 100 mg/kg. Thus, from toxicological and food safety 
points of view it is very important that histamine content is below the established levels. 
The total content of vasoactive amines did not exceed 200 mg/kg, the value proposed by Eerola et al.6 as a 
possible indicator of hygienic conditions and GMP, in both type of sausages. 
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